Using a monoclonal antibody raised against Xenopus Daz-like protein (Xdazl), we showed that Xdazl is present in all stages of male and female germ cells except mature spermatozoa. Xdazl is not localized to any speci®c regions in early-stage embryos, in contrast to the strict localization of its mRNA in the germ plasm. Xdazl disappears after gastrulation but reappears in the primordial germ cells situated at the genital ridge. This is the ®rst detailed report on the protein expression of a Daz-like gene during gametogenesis and embryogenesis in Xenopus, showing the difference in expression patterns of its mRNA and protein. q
Results and discussion

Xdazl expression during spermatogenesis
Daz and Daz-like (Dazl) proteins are RNA-binding proteins containing a conserved RNP domain and are believed to play a key role in the normal progression of gametogenesis, although their actual roles remain to be elucidated (Ruggiu et al., 1997; Cheng et al., 1998; Houston et al., 1998; Maegawa et al., 1999) . Recently, a Xenopus Daz-like gene has been identi®ed and reported to be transcribed in spermatocytes and oocytes (Houston et al., 1998) . To date, however, there have been no detailed and comprehensive data available for its protein expression. We raised monoclonal antibodies against a Xenopus Dazlike protein (Xdazl). One clone (No. 3), of which the isotype is IgG1, recognized the antigenic recombinant protein with high speci®city (data not shown). This antibody also speci®cally recognized a 37 kDa protein, comparable to the deduced molecular mass of Xdazl (32 kDa), in testis and ovary extracts (Fig. 1) . Using this antibody, we immunocytochemically examined the localization of Xdazl in gonads. In the testes, Xdazl existed in all spermatogenic cells except mature spermatozoa, although the protein content varied according to the spermatogenic stages ( Fig. 2A,B) . A weak, but apparent, signal was detected in primary spermatogonia (for Xenopus spermatogenic stages, refer to Kalt, 1976) . Strong signals were found in secondary spermatogonia and primary and secondary spermatocytes. The signal remained until spermatids had been formed and disappeared thereafter. No signal was detected in somatic cells. Although the expression of Xdazl mRNA was reported to be weak in spermatogonia (Houston et al., 1998) , our study clearly demonstrated the presence of Xdazl protein in both primary and secondary spermatogonia, suggesting that it plays a role in mitotically proliferating spermatogonia as well as in meiotically dividing spermatocytes. Although human DAZ is found in the sperm tail (Habermann et al., 1998) , Xdazl was absent in the tail. The expression pattern of Xdazl in testis is similar to that of Drosophila Boule, a homolog of vertebrate Daz and Dazl (Cheng et al., 1998) , and mouse Dazla proteins (Ruggiu et al., 1997) .
Xdazl expression during oogenesis
Immunocytochemistry of ovaries showed strong signals on oogonia and pre-vitellogenic oocytes but not on oocytes of stages I±III (Fig. 2C) . In growing oocytes (stages IV±VI), signals were restricted to the perinuclear cytoplasm (Fig.  2D) , and no signal was observed in germinal vesicles (GVs). To con®rm the absence of Xdazl in GVs, we mechanically divided the stage VI oocytes into GVs and cytoplasm. Immunoblotting of the isolated GVs and the enucleated cytoplasm showed that Xdazl was present in the cytoplasm but not in GVs (Fig. 3A) . In contrast to the localization of Xdazl in the perinuclear cytoplasm, mouse Dazla protein is restricted to the peripheral cytoplasm of oocytes (Ruggiu et al., 1997) . This difference in distribution of Daz proteins in oocytes may be due to the difference in the content and distribution of yolk platelets in the oocyte cytoplasm. Mouse Dazla protein is found in follicular cells, but Xdazl was not found in any somatic cells in the Xenopus ovary.
Although we could not detect any signals on oocytes of early stages (stages I±III) by immunocytochemistry, immunoblotting analyses showed the presence of Xdazl also in early-stage oocytes (Fig. 3B ). The concentration of Xdazl in stage I oocytes was higher than that in oocytes of other stages. With oocyte growth, the concentration became lower, reaching a minimum at stage IV, the stage at which oocytes grow most rapidly, increased thereafter. However, immunoblots of the extract corresponding to the same number of oocytes in each stage showed that the absolute content of Xdazl increased gradually in accordance with oocyte growth (data not shown).
The apparent molecular mass of Xdazl in mature oocytes was 40 kDa, in contrast to the 37-kDa form present in immature oocytes (Fig. 3B) . When cultured at 188C, Xenopus oocytes initiated germinal vesicle breakdown (GVBD) 5 h after progesterone treatment. In concert with the occurrence of GVBD, the apparent molecular mass of Xdazl was modi®ed from 37 to 40 kDa (Fig. 3C) . The shift from 40 to 37 kDa was enhanced by phosphatase treatment (data not shown), suggesting the involvement of phosphorylation in the slower electrophoretic mobility. Since Xdazl contains the consensus sequence of the MAP kinase recognition motif (PXS/TP) and MAP kinase is activated during Xenopus oocyte maturation (Gotoh et al., 1995; Yoshida et al., 1995) , this modi®cation may be caused by phosphorylation by MAP kinase.
Xdazl expression during embryogenesis
The 40-kDa Xdazl returned back quickly to the 37-kDa form within 15 min after fertilization (Fig. 3D) . Xdazl was not distributed in any speci®c regions, including the germ plasm, but was dispersed throughout the cytoplasm of early embryos (Fig. 2E,F) , in striking contrast to the exclusive localization of its mRNA in the germ plasm (Houston et al., 1998) . Xdazl was present constantly until gastrulation but drastically disappeared thereafter (Fig. 3E ) in accordance with the disappearance of mRNA (Houston et al., 1998) . During the later embryogenesis, a weak signal was ®rst detected in primordial germ cells (PGCs) that had migrated into the genital ridge at stage 47 (Fig. 2G) , and clear signals were obtained in the proliferating PGCs at stage 52 (Fig. 2H ).
Experimental procedures
Experimental animals and preparation of oocyte extracts
South African clawed frogs (Xenopus laevis) were purchased commercially and raised at 248C until use. Embryos were obtained by in vitro fertilization, cultured in tap water, and staged according to Nieuwkoop and Faber (1967) . Oocytes were isolated from dissected ovarian fragments, according to the procedures described by Ihara et al. (1998) , and the oocyte stage was identi®ed according to Dumont (1972) . Induction of oocyte maturation in vitro was performed according to the methods described previously (Ihara et al., 1998) . Extracts from immature and mature oocytes were prepared as described previously (Yoshida et al., 1995) . Brie¯y, 10 oocytes were homogenized with a pestle (Pellet Pestle, Kontes, Vineland, NJ) in 100 ml of ice-cold extraction buffer (100 mM b-glycerophosphate, 15 mM MgCl 2 , 5 mM EGTA, 100 mM p-amidinophenylmethanesulfonyl¯uoride, 3 mg/ml of leupeptin, 20 mM HEPES, pH 7.5). The homogenate was centrifuged at 15 000 £ g for 10 min at 48C, and the supernatant was frozen in liquid nitrogen and kept at 2808C until use.
Preparation of antibodies
A prokaryotic expression vector for a recombinant Xdazl fused at its N-terminus with glutathione-S-transferase (GSTXdazl) was constructed as follows. The full-length Xdazl coding region was ampli®ed by PCR with oligonucleotide primers introducing EcoRI sites, 5
H -GGAATTCGAATGTC-TGGAAAAGAAGAATCTTCAAACTAT-3 H , and 5 H -CG-AATTCGGTTTGGAAACTCTCTTGATAACAGACT-3 H . The PCR products were digested with EcoRI and subcloned into the EcoRI site of pGEX-KG (Guan and Dixson, 1991) .
GST-Xdazl was expressed in Escherichia coli BL21 DE3 (pLysS) and puri®ed by SDS-PAGE, as described previously . The puri®ed protein was dialyzed against 1 mM HEPES (pH 7.0), lyophilized, and injected into mice to produce monoclonal antibodies, according to the procedures described previously .
Immunological detection of Xdazl
For immunoblotting analysis, proteins were separated by SDS-PAGE and transferred to an Immobilon membrane (Millipore). The blots were rinsed with TBS (150 mM NaCl and 20 mM Tris±HCl, pH 7.5), blocked with 5% dry milk in TBS, and incubated for 1 h at 378C with the anti-Xdazl antibodies (1:1000 dilution of the hybridoma cell-culture supernatant). After washing three times for 5 min each, the antigen-antibody complex was visualized by an alkaline phosphatase-conjugated secondary antibody, as described previously . For immunocytochemistry, specimens were ®xed in Bouin's ®xatives, embedded in paraf®n, sectioned at 5 mm in thickness, deparaf®nized, rehydrated, and washed in TBS 2 times each for 5 min. Sections were then stained with a Vectastain ABC-AP Kit using a Vector Red substrate E (Vector Lab) according to the manufacturer's instructions. The hybridoma cell-culture supernatant (1:10 dilution) and a biotinylated goat antimouse antibody (1:200, ZYMED Lab. Inc.) were used as a primary and a secondary antibody, respectively. 
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